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SUMMARY
Human adenovirus type 5 is shown to cause a limited infection of the cells lining the ventricles of 2-to 3-week-old newborn rats. By the distribution of fluorescent antibodylabelled cells the infection appears to be confined to the ependymal cells. In these same (ependymal) cells autoradiographic labelling of [3 H]thymidine-pulsed brains indicates that viral and possibly cellular DNA synthesis is occurring. Studies with the mutants dl 312 and dl 313 indicate that some cellular DNA synthesis is indeed occurring. No DNA synthesis is observed in cells after inoculation of brains with phosphate-buffered saline or infection of brains with Semliki Forest virus. These results suggest that expression of adenovirus early region genes stimulates differentiated (Go) brain ceils to enter a cell cycle.
Several serotypes of human adenoviruses have been shown to induce cellular DNA replication in quiescent rodent cells (Shimojo & Yamashita, 1968; Strohl, 1969; Younghusband et al., 1979; Braithwaite et al., 1981) . The gene responsible for the induction of cellular DNA replication, and for causing other cell growth cycle abnormalities, has been shown to be the early region 1A (E1A) gene (Rossini et al., 1981 ; Shiroki et al., 1981; Braithwaite et al., 1983) . In particular, the 289 amino acid protein encoded in E1A is the essential 'effector' protein (Braithwaite et al., 1983; Bellett et al., 1985) although a contribution is also made by the 243 amino acid protein also encoded in E1A .
The induction of cell cycle abnormalities, of which DNA replication is one aspect, is a phenomenon exhibited not only by adenoviruses but also by several other tumour viruses including simian virus 40 (Gershey, 1979) and Rous sarcoma virus (Kobayashi & Kaji, 1978) , and is thought to be related to the mechanism through which such viruses transform cells.
In spite of the wealth of information about the effects of tumour viruses on the cell cycle in cultured cells, there is no evidence that similar abnormalities can occur in vivo. In this paper, evidence is provided that the human adenovirus type 5 (Ad 5) undergoes a limited replication cycle in brain cells after intracerebral (i.c.) inoculation of rats, during which cellular DNA synthesis is induced in some cells. Rat brains were chosen for this study as direct inoculation of virus was possible, brain has a high proportion of non-cycling (Go) cells, and previous experiments had shown that rat brain cell cultures are semipermissive to the similar virus Ad 2 (Gallimore, 1974) . Two-to 3-week-old baby Wistar or PVG rats were used in these experiments. Rats were inoculated i.c. with Ad 5 (dose in infectious units, i.u.), phosphate-buffered saline (PBS) or Semliki Forest virus (SFV) (for details refer to the legend to Fig. 1 ). SFV replicates in rat brains such that by 24 h after infection the virus titre has increased > 20-fold (M. L. Berger, personal communication). Forty-six h after infection brains were pulse-labelled with 50 ~tCi of [3H]thymidine for 2 h at which time they were harvested, snap-frozen, sectioned and mounted and then processed for autoradiography or for fluorescent antibody labelling. 0000-6877 © 1986 SGM Rat brains were infected with Ad 5 (3 × 108 i.u. in 50 ~tl) and 2 days later brains were removed and snap-frozen, sectioned using a freezing microtome ( -2 0 °C) and 6 ~tm sections were mounted on glass slides. Fixation was in acetone (10 min at -2 0 °C). Slides were stained with fluorescent labelled early (P) antibody as described previously (Braithwaite et al., 1981) . In this experiment the antibody was first preabsorbed with brain tissue from uninfected rats. Brains were sectioned, stained with cresyl violet and processed for autoradiography as previously detailed (Braithwaite et al, , 198t) . Fig. 1 and 2 . Forty-six h later, cells were pulse-labelled, frozen, sectioned and mounted also as described. The number of cells lining the ventricles that showed autoradiographic labelling was scored. For each treatment two animals were used and four or five sections were counted from each animal.
• n = 7, seven sections showed no autoradiographic labelling of DNA (after PBS inoculation); n = 1, one section showed autoradiographic labelling.
• n = 9, nine sections showed no autoradiographic labelling (after SFV infection).
• n = 8, eight sections quantified for the number of cells showing autoradiographic labelling of DNA (after Ad 5 infection).
Results of an experiment in which brain sections were stained with the Ad 5 early (P) antibody (Russell et al., 1967) showed that Ad 5 caused a limited infection in many cells lining the ventricles of the brain (Fig. 1 a, b) . Despite extensive examination of other regions of the rat brains using sections from several animals, no fluorescent labelling was detected in any cells but those lining the ventricles. By their distribution, these are likely to be ependymal cells (M. L. Berger, personal communication). Using brain sections from these same animals autoradiographic analysis was done. Results ( Fig. 2) showed that in the same region of the brain (i.e. lining the ventricles) there were many cells synthesizing DNA. Cells synthesizing DNA were only observed in sections prepared from Ad 5-infected brains (Fig. 2a, b) . No such cells were observed from brains inoculated with PBS (Fig. 2c) or infected with SFV (Fig. 2d) . These results suggest that Ad 5 DNA synthesis is occurring in a proportion of infected brain cells, namely, in the ependymal cells lining the ventricles. These results also suggest that a component of this DNA synthesis might be cellular, induced by Ad 5, as has been shown in cell culture studies using rodent cells (Braithwaite et al., 1981 (Braithwaite et al., , 1983 Shiroki et al., 1981) . This latter possibility is investigated below.
In an attempt to quantify the extent of DNA synthesis (both viral and cellular) in Ad 5-infected brain cells, several sections (from two animals) were examined and the number of cells with autoradiographic grains was counted in each microscopic field. Such results (Fig. 3) show that the number of cells synthesizing DNA varied considerably from section to section, ranging from as few as 32 to as many as 236. No such cells were observed from PBS-or SFV-inoculated controls (Fig. 3 ) except in one section from a PBS-inoculated animal. In this section 22 cells were observed to be incorporating [3H]thymidine, indicating DNA synthesis. Several sections from one animal in this experiment contained considerable haemorrhage throughout the brain caused by injection, and this haemorrhage included the ventricular region. DNA synthesis in this animal is therefore likely to be a result of tissue wounding.
To determine if any of the observed DNA synthesis in ependymal cells induced after Ad 5 infection was cellular, an experiment was carried out with the Ad 5 mutants dl 312 and dl 313. These mutants are deleted respectively for large regions of the E1A and E1B genes (see Braithwaite et al., 1983) . Rat tissue culture studies have shown that d1313 whilst being defective for viral DN A replication still induces cellular DNA replication; dl 312 by contrast is defective for both events (Braithwaite et al., 1983) . Rats were inoculated i.c. as for the above experiments with dl 312 or dl 313. Forty-eight h later after a 2 h pulse of [3H]thymidine, brains were processed for autoradiography. Results (Table 1) show that DNA synthesis is detected in the ependymal cells of dl 313-infected brains but not in dl 312-infected brains (at least no more than in PBS-inoculated brains). This result argues that a component of the Ad 5-induced ependymal DNA synthesis is cellular, and that this DNA synthesis is not dependent on expression of the E 1B gene.
Results of experiments reported in this communication show (i) that Ad 5 undergoes a limited replication cycle in some rat brain cells #z vivo, (ii) that these cells are likely to be ependymal cells, and (iii) that some cellular DNA synthesis is induced during infection. This third conclusion deserves comment as there are two possible problems with this interpretation of the experimental results. Firstly, unscheduled DNA synthesis (including repair replication) would be measured together with chromosomal replication by the autoradiographic procedure used in these experiments. These two processes are not readily distinguishable in vivo, and thus the possibility that Ad 5 induces some repair synthesis cannot be formally excluded. The second problem concerns the inability of the mutants dl 312 and dl 313 to replicate their DNA in rat cells in vivo. That they do not replicate in these cells is assumed. If a cellular protein in some way complements the defect in dl 313 allowing viral DNA replication, the conclusion from the results in Table 1 would be incorrect. There is indeed evidence that under certain conditions some human cell lines complement the E1A deficiency in dl 312 (Nevins, 1981) , but other studies have failed to confirm these results both in human cells and, more importantly, in rat ceils (albeit in tissue culture). Possible proof that the mutant dl 313 is still defective for expression of the E 1B gene in rat brain cells might be obtained by carrying out in situ hybridization using probes capable of detecting late mRNA.
Notwithstanding the above caveats, all the relevant available evidence supports conclusion (iii). Thus, expression of one or more Ad 5 (early) genes, and not E1B, stimulates DNA replication in differentiated (Go) brain cells.
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